Disjunct geographical ranges are striking features, often difficult to comprehend without an evolutionary framework. The butterfly genus Charaxes Ochsenheimer, 1816 presents such a fragmented distribution, being distributed from the Mediterranean region, throughout Africa and into the Indo-Australian archipelago, albeit being absent from the northeastern Arabian Peninsula to eastern Pakistan. Among Asian Charaxes, the black rajah Charaxes solon (Fabricius, 1793) represents a unique Asian species in an African clade. Morphological evidence suggests broad phenotypic plasticity across the species range, from India to Wallacea, as exemplified in numerous subspecies placed in four morphological groups. To test species limit hypotheses in this lineage, we generate data for five loci from museum specimens. We include multiple subspecies and all four morphological groups. We recover four genetic clades also supported by geography, morphology and multispecies coalescent analyses. Based on these results, we recognize Charaxes echo Butler, 1867 stat. rev., Charaxes hannibal Butler, 1869 stat. rev. and Charaxes lampedo (Hübner, [1823]) stat. rev. as valid species. Divergence time estimates indicate an origin of this complex in the late Miocene and subsequent diversification in the early Pliocene. Speciation was probably triggered by the late assembly of the Indo-Australian archipelago and by climatic and bathymetric fluctuations in the Miocene. ADDITIONAL KEYWORDS: Bayesian relaxed clocks -butterfly biogeography -haplotype networks -IndoAustralian archipelago -integrative taxonomy -multispecies coalescent -museum phylogenetics -Nymphalidae systematics -Philippines -Wallacea.
INTRODUCTION
The fate of colonizers after dispersal to a new biogeographical region is a topic of importance to understand the process of lineage diversification at a fine scale (MacArthur & Wilson, 1967) . The fields of population genetics/genomics, phylogeography and phylogenetics/ phylogenomics have provided adequate frameworks to test hypotheses relative to speciation. More recently, the development of increasingly sophisticated methods based on the multispecies coalescent model has allowed the testing of species delimitation hypotheses in a different manner (Fujita et al., 2012) . By providing explicit models of speciation with respect to timing of speciation and effective population sizes using molecular data, such methods have been broadly adopted by the integrative taxonomy community (Yang & Rannala, 2014; Yang, 2015) . The use of these methods was recently criticized and perceived as delineating genetic structure rather than being truly able to distinguish speciation events from coalescent events (Sukumaran & Knowles, 2017) . In the light of this important result, it was advocated to rely on testing species limits using a priori hypotheses based on other lines of evidence rather than relying solely on molecular clustering without a priori hypotheses. These methods allow the testing of such a priori defined hypotheses in a powerful statistical framework and identify genetic structure in the speciation process that can be substantiated at the morphological, ecological, biogeographical or behavioural levels.
With ~230 species, the genus Charaxes Ochsenheimer, 1816 is a moderately diverse group of mostly tropical butterflies in the family Nymphalidae (Turlin, 2005 (Turlin, , 2007a (Turlin, , b, 2009 (Turlin, , 2011 (Turlin, , 2013 (Turlin, , 2014 (Turlin, , 2017a . These butterflies occur from the Mediterranean region to South Africa, and from the west coast of Africa to Madagascar and the Arabian Peninsula. They also occur in the eastern part of the Old World, from Pakistan to Okinawa islands, and from China to Australia, New Guinea, the Solomon Islands and several other Pacific islands (Fiji, New Caledonia and Vanuatu) . Given that these butterflies are very charismatic and can usually be collected easily with bait trapping, they have attracted the attention of amateurs and professional entomologists alike. Multiple species, especially in the Afrotropics, have been described based on morphological features, often from wing patterns. Preliminary molecular studies using DNA sequence data cast doubt on the validity of some of these lineages as distinct species, with in some cases virtually no genetic variation among clades of dozens of species (e.g. the Charaxes etheocles (Cramer, 1777) species group; Aduse-Poku et al., 2009 ; but also see BOLD, last accessed in September 2018, at http://www. boldsystems.org/). Although discussing the validity of different species concepts is outside of the scope of the present study, a relatively new trend emerging in the study of biodiversity systematics is the need for homogeneous evolutionary units to investigate micro-and macroevolutionary patterns and processes. In other words, it is becoming increasingly important to have evolutionarily homogeneous tips in phylogenies to perform comparative phylogenetic studies (e.g. ancestral range reconstruction/estimation, diversification rate estimation). In the case of Charaxes, there is clear morphological and molecular evidence that this goal is still far from being reflected in the current taxonomy of the group. As a result, several studies have started to investigate the fine-scale genetic and morphological variation within Charaxes using multispecies coalescent methods and other integrative taxonomy tools (Bouyer et al., 2008; Müller et al., 2010; Vingerhoedt et al., 2010; Toussaint et al., 2015 Toussaint et al., , 2016a .
Among Asian Charaxes, a unique lineage is the black rajah Charaxes solon, which is recovered alone within a clade of exclusively African species containing five species groups (Charaxes eupale (Drury, 1782), Charaxes jahlusa (Trimen, 1862), Charaxes anticlea (Drury, 1782), C. etheocles and Charaxes etesipe (Godart, 1824) species groups: Aduse-Poku et al., 2009; Müller et al., 2010) . The black rajah has a wide geographical range, from Pakistan to Malaysia, and from the Philippines, throughout the Greater Sunda Islands, Wallacea and the Sula islands (Müller et al., 2010; Mahmood et al., 2017) (Fig. 1) . The species was taxonomically strongly subdivided. Taxonomists recognize four groups that can be delineated based on morphology and almost perfectly so based on their geographical distributions as well. Each of these groups contains several subspecies (Fig. 2) . The four entities that compose the C. solon group are clearly differentiated morphologically. Continental populations are particularly distinct from insular populations, the latter sharing similarities albeit also being morphologically clearly distinct from each other.
The first group (C. solon solon group) was originally described from Tranquebar in Southern India as Papilio fabius Fabricius, 1781, but this name was preoccupied by Consul fabius Cramer, 1775. The name Papilio solon Fabricius, 1793 was therefore used as a replacement. The species was later transferred to the genus Nymphalis Kluk, 1780 by Godart (1824) before eventually being transferred to the genus Charaxes by Butler (1866) . This group is distributed from Pakistan to Indochina up to the Kra Isthmus and comprises the subspecies Charaxes solon cerynthus Fruhstorfer, 1914 (Ceylan) , Charaxes solon solon (Fabricius, 1793) (India and Pakistan) and Charaxes solon sulphureus Rothschild, 1900 (Myanmar, Thailand and the Indochinese peninsula). These continental populations are morphologically divergent from the rest of the C. solon populations in the rest of the species range (Fig. 2) . The shape of the wings resembles the one of species from the African C. etheocles group. The pale yellow discal bands on the upperside of the forewings are composed of spots that are larger than in insular populations of the C. solon group. The forewing space e3 includes a single yellow spot, and the submarginal spots are visible from e1b to e4. The hindwings present a pale yellow discal band that is comparatively large but with irregular edges. The submarginal spots are white, and the marginal macules are yellow. The underside is mat and of a pale pearl grey colour, with several series of thick black spots and dashes. The discal bands on both wings are thick and of cream white colour, with dark yellow postdiscal spots.
The second group (Charaxes solon echo group) was originally described from Singapore as Charaxes echo Butler, 1867 but later considered a subspecies of C. fabius (see above) by Rothschild & Jordan (1900) . This group is distributed from peninsular Malaysia to the Greater Sunda islands. This group comprises the subspecies Charaxes solon breviculus Tsukada, 1991 (Natuna), C. solon echo Butler, 1867 (Borneo and West Malaysia) , Charaxes solon obscurus Hanafusa, 1989 (Karimata) , Charaxes solon setsuroi Tsukada, 1991 (Singkep) and Charaxes solon sumatranus Rothschild, 1898 (Sumatra) . The wing shape is more thickset, and the adults are comparatively smaller than the ones of continental C. solon populations (Fig. 2) . The forewings are falcated with a narrow apex, and the tornus is angular and prominent. The tails of the hindwings are reduced to teeth in the male and simply short in the female. On the upperside of the forewing, the discal yellow spots are very small, and as in the C. solon solon group, the forewing space e3 includes a single yellow spot. The hindwing discal band is very narrow but straight. The submarginal spots are pale yellow, and the marginal macules are reduced or simply absent. The underside is of bright silver colour. The postdiscal spots are yellow on the forewings but crimson on the hindwings. The series of spots and dashes are black but very thin, unlike those in the C. solon solon group. The marginal band of the hindwings is continuous and mustard yellow. The discal bands are narrow and pale. The underside of the C. solon echo group is almost identical to the ones of the Charaxes solon hannibal group and Charaxes solon lampedo group (see below).
The third group (C. solon hannibal group) was originally described from Tondano and Makassar in Sulawesi as Charaxes hannibal Butler, 1869 but later considered a subspecies of C. fabius (see above) by Rothschild & Jordan (1898) . This group of Wallacean populations comprises the subspecies Charaxes solon brevis Tsukada, 1991 (Buton), Charaxes solon catulus Rothschild, 1900 (Sangihe archipelago) , C. solon hannibal Butler, 1869 (Sulawesi) , Charaxes solon iliona Tsukada, 1991 (Banggai and Peleng) and Charaxes solon mangolianus Rothschild, 1900 (Sula archipelago) . Adults of these populations are larger than the ones of the C. solon echo group and the C. solon solon group (Fig. 2) . The wing shape is more massive, the hindwings larger and the tails short but thick in the female. Although the upperside of the male is dark brown to black, the upperside of the female has a fuliginous grey background. The discal bands are pale yellow and narrow. The forewing space e3 always includes two contiguous yellow spots. On the hindwing, the white submarginal spots and yellow marginal macules are faint in the male. On the contrary, the female presents a thick and continuous marginal band. The underside is similar to the underside of the C. solon echo group, but the pale discal bands are narrow and straight. The crimson postdiscal bands on the hindwing are more developed, and a series of blue submarginal spots is also present. The basal black lines are poorly defined and thin. The subspecies C. solon mangolianus presents a slightly different wing pattern with a darker grey underside, visible black macules and crimson spots interiorly bordered by thick black crescents.
In the northeast, the subspecies C. solon lampedo (Hübner, 1823) (Cebu, Luzon, Marinduque, Mindoro, Sibuyan and Negros), C. solon orchomenus Fruhstorfer, 1914 (Balabac, Calamian and Palawan) , C. solon shohgun Tsukada, 1991 (Bohol, Dinagat, Leyte, Mindanao, Panaon and Samar) and C. solon tindongani Schroeder & Treadaway, 1989 (Sanga-Sanga and Tawi-Tawi) represent the fourth group (C. solon lampedo group), which is endemic to the Philippines archipelago and Palawan. This group was originally described from an unknown type locality as Eriboea lampedo Hübner, 1823, transferred to Charaxes by Butler (1866) and later considered a subspecies of C. fabius (see above) by Rothschild & Jordan (1900) . Adults of the C. solon lampedo group are as large as the ones from the C. solon hannibal group, but the wing shape is more slender, with an elongated apex and narrower hindwings (Fig. 2) . The tails are long but narrow, and the discal bands of the upperside are bright yellow and less narrow than in the C. solon echo group and the C. solon hannibal group. As observed in the C. solon hannibal group, the forewing space e3 always includes two contiguous yellow spots. Two submarginal spots are always present in the forewing space e1b, with a very small macule in e2. The white submarginal spots on the hindwing are very small but present, and the continuous marginal band is greenish yellow. The margins of the discal band on the hindwing are more irregular than in the C. solon hannibal group. The underside is similar to the undersides of the C. solon echo group and C. solon hannibal group, but slightly paler and grey/ beige. The postdiscal spots from e1b to e6 on the forewing are ochre and diffuse. The postdiscal lunules of the hindwing are small and reddish brown, less bright than in other populations. The blue submarginal spots are more discrete than in the C. solon hannibal group. The white discal band is very reduced on the edge of the black line, the latter being irregular.
Given that these different groups are well defined not only morphologically but also geographically, it has long been suspected that these lineages might in fact represent different species. In fact, the four groups were all considered valid species in the past but were later synonymized, albeit without a full revision of the different populations. Preliminary molecular evidence substantiated this hypothesis (Müller et al., 2010) , but additional taxon and gene sampling was necessary to understand the fine-scale speciation pattern in the black rajah complex.
Here, we investigate the status of multiple populations of black rajahs using a new multilocus molecular dataset and different phylogeographic, phylogenetic, coalescent species delimitation and molecular divergence time methods. We aim specifically at testing whether the four main lineages identified by geography and morphology (and to some extent by preliminary molecular data; see Müller et al., 2010) are in fact valid species that can be delineated using several lines of evidence.
MATERIAL AND METHODS

Taxon sampling and molecular biology
We sampled legs from dry-pinned collection specimens to assemble a comprehensive sampling of C. solon populations across the species geographical range. In total, we were able to extract DNA and obtain sequence data for 24 new specimens, and we also included sequence data retrieved from GenBank for eight additional specimens (Table 1) . We sampled 11 subspecies out of 17 described (at least two per morphological group; Fig. 1 ). Total genomic DNA was extracted using the Qiagen DNeasy animal tissue kit (Hilden, Germany). Using the polymmerase chain reaction (PCR) protocols described by Wahlberg & Wheat (2008), we amplified and sequenced the following loci: cytochrome c oxidase subunit 1 (CO1, 645 bp), elongation factor 1 alpha (EF1A, 366 bp), ribosomal protein S2 (Rps2, 408 bp), ribosomal protein S5 (Rps5, 585 bp) and Wingless (399 bp). We selected nine outgroups from the genus Charaxes based on the phylogenetic affinities of C. solon as inferred by Aduse-Poku et al. (2009) , and rooted the phylogenies with Palla decius (Cramer, [1777] ) (Espeland et al., 2018) . DNA sequences were edited in Geneious R11 (Biomatters, USA), aligned using MUSCLE (Edgar, 2004) and the reading frames checked in Mesquite 3.5 (http://mesquiteproject.org). All sequences were deposited in GenBank (accession numbers MK006043-MK006117).
phylogeneTic and neTwork analyses
We estimated the best partitioning scheme and best models of nucleotide substitution with ModelFinder (Kalyaanamoorthy et al., 2017) . The five protein-coding loci were divided a priori by codon positions for a total of 15 initial partitions. We conducted 300 maximum likelihood (ML) tree searches in IQ-TREE v.1.6.3 (Nguyen et al., 2015) , with two calculations of nodal support: ultrafast bootstrap (UFBoot) and SH-aLRT tests. We generated 1000 replicates for UFBoot ('-bb' command) (Minh et al., 2013; Hoang et al., 2018) and Shimodaira-Hasegawa approximate likelihood-ratio test (SH-aLRT) ('-alrt' command) (Guindon et al., 2010) . All analyses were conducted on the University of Florida HiPerGator High Performance Computing Cluster (www.hpc.ufl.edu). When discussing branch support, we refer to 'strong' support as SH-aLRT ≥ 80 and UFBoot ≥ 95.
To investigate the contribution of each locus to the genetic signature between the four species groups, or candidate species, within the C. solon complex, we also built individual locus haplotype networks in SplitsTree v.4.14.6 (Huson & Bryant, 2006) . The five networks were reconstructed using calculated uncorrected p-distances and the NeighborNet algorithm. All outgroups were removed before the analyses.
molecular species delimiTaTion
We performed joint Bayesian species delimitation and species tree estimation using the program BPP v.3.4 (Yang, 2015; Flouri et al., 2018) . This method uses the multispecies coalescent model to compare different models of species delimitation (Yang & Rannala, 2010; Rannala & Yang, 2013) and species phylogeny (Yang & Rannala, 2014; Rannala & Yang, 2017) in a Bayesian framework, accounting for incomplete lineage sorting attributable to ancestral polymorphism and gene tree-species tree discordance. The population size parameters (θs) were assigned the inverse-gamma prior IG(3, 0.002), with mean 0.002/(3 − 1) = 0.001. The divergence time at the root of the species tree (τ0) was assigned the inverse-gamma prior IG(3, 0.004), with mean 0.002, and the other divergence time parameters were specified by the uniform Dirichlet distribution (Yang & Rannala, 2010: equation 2) .
The four clades (I, II, III and IV) recovered in the IQ-TREE analyses, which correspond to our initial morphological hypotheses and represent allopatric lineages, were used as putative species in BPP. We used the A11 analysis in BPP to jointly explore different species delimitation models and infer species trees. Four different types of analyses were performed to ensure the consistency of our results: (1) using both mitochondrial and nuclear data and assuming the algorithm 0 (analysis A1); (2) using both mitochondrial and nuclear data and assuming the algorithm 1 (analysis A2); (3) using only the nuclear data and assuming the algorithm 0 (analysis A3); and (4) using only the nuclear data and assuming the algorithm 1 (analysis A4). All sites were used in the likelihood calculations (cleandata = 0). The different loci were assumed to have different rates of evolution that were consequently estimated using the random-rates model of Burgess & Yang (2008: equation 4 ) (locusrate = 1). In this model, the average rate for all loci is fixed at one, and the rates among loci are assumed to be generated from the Dirichlet distribution D(α). The parameter α is inversely related to rate variation, with a large α meaning similar rates among loci. Given that all the included loci are coding, the rates might be different, and as result, we used α = 5. The Markov chain Monte Carlo (MCMC) then generated the posterior for rates of the different loci. We also allowed θ (effective population sizes) to be different among loci (heredity = 1) using heredity multipliers (inheritance scalars; Hey & Nielsen, 2004) , estimated from the data using a gamma prior with parameters α and β. By default, we used a gamma prior G(4, 4), with mean 4/4 = 1 for the multiplier of each locus. The MCMC then generated a posterior for the multiplier for each locus. The reversible-jump MCMC analyses consisted of 100 000 generations (sampling interval of 100), with 10 000 samples being discarded as burn-in. Each analysis was run twice using different starting seeds to confirm consistency between runs.
divergence Time esTimaTion
We estimated divergence times in a Bayesian framework with BEAST v.1.8.4 (Drummond et al., 2012) . The best partitioning scheme and models of substitution were selected in PartitionFinder 2 (Lanfear et al., 2017) using the greedy algorithm and the Bayesian information criterion across all models included in BEAST (option models = beast). The dataset was partitioned a priori, similar to the ModelFinder analysis (see previous subsection).
The resulting partitioning scheme included six partitions, one for each mitochondrial codon position and one for each nuclear codon position. To take into account the importance of clock partitioning, we implemented: (1) two clocks, one for the mitochondrial partitions and one for the nuclear partitions (analyses A5 and A6); or (2) a different clock for each partition (analyses A7 and A8). We assigned a Bayesian lognormal relaxed clock model to the different clock partitions. We also tested different tree models by using a Yule (pure birth, A5 and A7) or a birth-death (A6 and A8) model in different analyses. Clock rates were set with an approximate continuous time Markov chain rate reference prior (Ferreira & Suchard, 2008) . All analyses consisted of 20 million generations with a parameter and tree sampling every 2000 generations. We estimated marginal likelihood estimates (MLEs) for each analysis using path sampling and stepping-stone sampling (Xie et al., 2011; Baele et al., 2012 Baele et al., , 2013 , with 1000 path steps, and chains running for one million generations with a log-likelihood sampling every 1000 cycles. The MLEs were calculated using an.xml script.
We relied on the extensive fossil-based dating frameworks of Espeland et al. (2018) for our dating analysis. In this study, the split between Charaxes and Palla Hübner, [1819] was recovered with a median age of The maximum likelihood phylogenetic tree with the best log-likelihood (LnL = −7384.988) inferred in IQ-TREE is presented in Figure 3 . The relationships among Charaxes species are moderately to poorly supported. We recover the African C. paphianus Ward, 1871 and the Asian C. (Polyura) paulettae (Toussaint, 2015) in a clade sister to the rest of Charaxes. In the latter clade, C. eupale is recovered as sister to an African clade composed of C. achaemenes Felder & Felder, 1867 , C. etesipe, C. penricei Rothschild, 1900 , C. jahlusa, C. anticlea and C. opinatus Heron, 1909 , and the C. solon complex (node N1). Within the C. solon complex, we recover four distinct and strongly supported clades (I, II, III and IV), with clade I sister to the other clades, and clade II sister to clades III and IV. In clade I, continental populations of C. solon are nested, including the subspecies C. solon solon and C. solon sulphureus. Clade II includes the Sundaland populations from C. solon echo and C. solon sumatranus, whereas clades III and IV respectively include the Philippine subspecies C. solon lampedo, C. solon orchomenus and C. solon shohgun, and the Wallacean subspecies C. solon brevis, C. solon hannibal, C. solon iliona and C. solon mangolianus.
Our haplotype networks support a similar pattern across all genes except Wingless, with a clear genetic demarcation of these four lineages (Fig. 4) . Both mitochondrial and nuclear loci express this genetic segregation. In the case of Wingless, the haplotypes of Philippines and Wallacea populations are mixed, but this is likely to be an artefact of the data caused by the presence of a unique short sequence (234 bp out of 396 bp total) for C. solon lampedo, the sole representative of Philippines populations for this locus. This sequence was significantly shorter than other ones for the same gene fragment owing to poor chromatogram quality.
molecular species delimiTaTion
The BPP analyses using different datasets (mitochondrial and nuclear vs. nuclear only) and different algorithms recovered identical results with the highest posterior probabilities (1.0). All analyses converged on a unique solution, including the four species groups or candidate species as valid species with maximum posterior probability. The results of the BPP analyses are summarized in Table 2 .
divergence Time esTimaTion
Our divergence time estimation analyses in BEAST recovered slightly different ages for the age of the C. solon complex depending on the number of clocks used but regardless of the tree model used (Table 3) . Based on our path sampling/stepping-stone sampling analyses, the best-fit analysis to our data is the one including a different clock for each partition (six clocks) and a birth-death model. This analysis recovers an origin of Charaxes ~25 Mya (95% credibility interval = 18.40-32.41 Mya) and an origin of the C. solon complex in the late Miocene ~9 Mya (5.88-11.99 Mya). The two speciation events after the origin of the complex are dated from the late Miocene ~7 Mya (node N2, 4.98-10.41 Mya) and early Pliocene ~4 Mya (2.36-6.14 Mya).
Taxonomy
Based on the morphological features of the different populations of black rajahs across the species' geographical range, the distinctive genetic segregation of these at all loci and the geographical specificity of these lineages, we suggest that these four lineages represent distinct species and therefore propose the following nomenclatural acts:
Charaxes Ochsenheimer, 1816 
asian Charaxes
The genus Charaxes is an emblematic component of the Old World tropical fauna. In Asia, the genus is moderately diverse (~70 species) compared with the larger diversity in the Afrotropics (> 160 species described). Among these Asian species, three lineages have been identified. The first one is represented by the subgenus Charaxes (Polyura) Billberg, 1820, which comprises 35 described species and is found from eastern Pakistan in the west to Fiji islands in the east, and from Korea in the north to Australia in the south (Smiles, 1982; Toussaint et al., 2015a Toussaint et al., , 2016a Turlin, 2017a, b; Müller & Tennent, 2018) . These species are gathered in three species groups: C. athamas Drury, 1773 species group, C. eudamippus Doubleday, 1843 species group and C. pyrrhus (Linnaeus, 1758) species group (Toussaint et al., 2015a; Turlin, 2017a, b) . This Asian lineage is nested within a clade comprising the African C. pleione (Godart, 1824) species group (two species) and C. zoolina (Westwood, 1850) species group (five species), and originated in the mid-Miocene in continental Asia before colonizing the Indo-Australian archipelago and Pacific islands, with complex long-distance dispersal and reverse colonizations .
The second Asian Charaxes lineage is composed of ~30 species found from India to the Pacific islands (Müller et al., 2010) . These species are gathered in eight species groups: C. elwesi Joicey & Talbot, 1922 species group, C. harmodius Felder & Felder, 1867 species group, C. amycus Felder & Felder, 1861 species group, C. mars Staudinger, 1885 species group, C. eurialus (Cramer, 1775) species group, C. latona Butler, 1866 species group, C. nitebis (Hewitson, 1859) species group and C. bernardus (Fabricius, 1793) species group. Although the study of Müller et al. (2010) shed light on the systematics of this surprisingly overlooked part of Charaxes, much work is still needed to understand species boundaries and phylogenetic relationships within this clade. A continental origin of this clade in the early Miocene was hypothesized, followed by colonization of the Indo-Australian archipelagic region as in Charaxes (Polyura) (Müller et al., 2010; .
The third and last lineage of Asian affinities is the C. solon complex, treated in the present study in more detail. Previous studies placed C. solon as a member of a large African clade comprising the C. eupale species group, C. jahlusa species group, C. anticlea species group, C. etheocles species group and C. etesipe species group (Aduse-Poku et al., 2009; Müller et al., 2010 in BEAST analysis), or as sister to C. porthos Grose-Smith, 1883 and C. zingha (Stoll, 1780) (Müller et al., 2010 in MrBayes analysis). Preliminary phylogenomic data suggest that the former placement is more accurate (Toussaint et al., EFA, unpublished) . Our study, albeit with moderate nodal support, suggests that C. solon is indeed nested within this African clade (Fig. 4) . At the intraspecific level, C. solon was already suggested by Müller et al. (2010) to contain at least two independent lineages. Our study confirms this previous hypothesis and unveils a greater cryptic diversity, with four distinct species in the C. solon complex. These species are not only well differentiated geographically (Fig. 1) and morphologically (Fig. 2) , they also present significant levels of genetic differentiation (Figs 3, 4) .
Additional studies, such as this one, should be conducted to understand the diversity within Charaxes using different lines of evidence (e.g. Toussaint et al., 2015a Toussaint et al., , 2016a . This is especially true when considering the reliance on wing patterns to describe species in this genus (Van Someren, 1975) . Although the use of such morphological characters is certainly helpful in the first place, it might be less useful when it comes to studying speciation processes that are evolutionary close to coalescent events, where the sole reliance on morphological features could lead to an overestimation of species richness by identifying phenotypic interpopulation variance as speciation, or to an underestimation of species richness by missing speciation events that are masked by phenotypic conservatism in recent lineages. We suggest that integrative taxonomy will not only be needed to streamline our knowledge of the taxonomy and systematics of such groups, but also will probably be instrumental in ensuring that phylogenies used for downstream macroevolutionary analyses comprise lineages that are homogeneous along the evolutionary continuum, regardless of the species concept used.
evoluTion and biogeography of black rajahs in
The indo-ausTralian region Our phylogenetic hypothesis for the C. solon complex suggests that C. solon is sister to the rest of the group, followed by C. echo sister to the pair C. hannibal and C. lampedo. This relationship was also recovered by Müller et al. (2010) , although C. echo was missing in that study.
This phylogenetic pattern found in IQ-TREE is also supported by our BEAST analysis, where the same branching pattern is found with strong to moderate nodal support (Fig. 5) . The best-fit BEAST analysis indicates an origin of the clade in the Miocene, which is, to some extent, synchronous with other colonization events of Charaxes lineages out of Africa (Aduse-Poku et al., 2009; Müller et al., 2010; . In their study, Aduse-Poku et al. (2009) inferred a sister relationship of C. solon with C. jahlusa and estimated a split between these two lineages in the mid-Miocene (~17 Mya). Here, we do not recover this relationship, but rather estimate a split between C. solon complex and the African clade mentioned above in the early Miocene ~18 Mya. This latter pattern is in line with Müller et al. (2010) , who found a similar phylogenetic pattern and age estimate. Following our BEAST results (Fig. 5) , the ancestors of the C. solon complex would probably have dispersed out of Africa in the early to mid-Miocene to establish in continental Asia. Whether this colonization event occurred in a synchronous way with the colonization of Asia by the two other lineages will require a larger-scale comparative analysis. Once established in continental Asia, the branching pattern we recover (Figs 4, 5) indicates that some continental populations dispersed to the Greater Sunda islands, where they gave rise to a genetically and morphologically different lineage, C. echo. The colonization of the Greater Sunda Islands from continental Asia would have occurred in the late Miocene ~7 Mya. At the time, most of the Indo-Australian archipelago was already in place (Hall, 2013) , with myriad islands and shallow-water corridors between major landmasses, thereby facilitating archipelagic dispersal (Fig. 5) . The next biogeographical event would have been the colonization in the north of Palawan and the Philippines, where C. lampedo currently occurs, and in the east of Wallacea, where C. hannibal occurs. The colonization of Palawan and the Philippines would have been facilitated by the assemblage of these islands and their proximity after the mid-Miocene (Yumul et al., 2008 (Yumul et al., , 2009 Hall, 2013) . It is interesting that the Palawan endemic Charaxes lampedo orchomenus is more closely related to the lineages from the Philippines than to ones from the Greater Sunda Islands, as observed, for instance, in Charaxes (Polyura) schreiber praedictus Schröder & Treadaway, 1980 , which is more closely related to other Charaxes schreiber (Godart, 1824) populations than to the endemic Charaxes luzonicus (Rothschild, 1899) from the Philippines (Toussaint et al., 2015a; . The geological affinity of Palawan with the Sunda shelf and, in particular, with Borneo (Hall, 2013) is usually thought to be responsible for this pattern. Additional targeted taxon sampling might help us to understand the fine-scale phylogeographic history of these lineages between Sundaland and the Philippines.
In the east, the colonization of Sulawesi, Wallace's anomalous island, occurred in the Pliocene and engendered the differentiation of C. hannibal. Transgression of Wallace's Line in invertebrates is an increasingly inferred pattern even for flightless taxa or poorly dispersing taxa (e.g. Tänzler et al., 2014 Tänzler et al., , 2016 Toussaint et al., 2015b Toussaint et al., , 2017 Hausdorf, 2018) and is far from being an exception in butterflies, regardless of the geographical origin of the lineage (Müller et al., 2010 (Müller et al., , 2013 Müller & Beheregaray, 2010; Condamine et al., 2013 Condamine et al., , 2015 Morinaka et al., 2017) . New findings relative to the geological history of Sulawesi (Nugraha & Hall, 2018) indicate that dispersal was most probably the main mechanism for the colonization of this island rather than tectonic vicariance (Stelbrink et al., 2012) , but our understanding of the Wallacea assembly still remains scarce, and it is possible that a combination of landmass fragment drift, sea-level fluctuations and short-distance dispersal might have acted in concert to facilitate crossing Wallace's Line over the Makassar Strait in the past 10 Myr.
After this initial transgression, ancestral populations of C. hannibal colonized islands belonging to the Sula archipelago, the easternmost known distribution of this species (and of the C. solon species complex) in the Indo-Australian archipelago, where the subspecies Charaxes hannibal mangolianus dwells. It is likely that this colonization was relatively recent and represents the latest stage of an ongoing dispersal of C. hannibal towards the Moluccas and Melanesia.
conclusion Morphological, geographical and genetic evidence suggests that C. solon is, in fact, a complex of four species. Therefore, C. echo from Sundaland, C. hannibal from Wallacea and C. lampedo from the Philippines are raised back to species status. Bayesian divergence time estimates indicate that the diversification of this group occurred from the late Miocene to the Pliocene. After an initial dispersal out of Africa and into continental Asia, the ancestors of this species complex successfully colonized most of the Indo-Australian archipelago west of Wallace's Line, but also transgressed this zoogeographical barrier and colonized the west Moluccas. The late geological assembly of the Indo-Australian archipelago, in concert with intense sea-level fluctuations, probably permitted the colonization of new island systems by these butterflies, where speciation later occurred.
